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Description 

The invention relates to an electro-acoustic 
transducer of the kind suitable for insertion in the ear. 

So called inner ear type headphone units have s 
been previously proposed in which a housing enclos- 
ing an electro-acoustic transducer device is inserted 
into and attached within the concha of the ear of the 
user. 

Such a unit is shown in Fig. 1 of the accompany- w 
ing drawings and includes a housing 102 enclosing a 
speaker unit which is the electro-acoustic device. The 
housing 102 is formed of a size such that it can be in- 
troduced into the ear's concha and has an open 
sound-radiating surface of the speaker unit 101. A 15 
connecting cord 103 supplying acoustic signals to the 
speaker unit 101 has its end 104 connected as by sol- 
dering to an input terminal 105 of the speaker unit 
101. The connecting cord 103 exits the housing 102 
to the outside by way of a cord extraction opening 20 
106. 

An ear pad ring 107 is provided at the portion of 
the housing 1 02 facing to the ear's concha and on the 
perimeter of the front side of the speaker unit 101. 
The ear pad ring 107 is engaged with a rib 102a pro- 25 
vided at the perimeter of the open portion of the hous- 
ing 102, and is attached to this portion by auxiliary se- 
curing means, such as adhesion. 

The housing 102 is formed of a relative hard ma- 
terial since it has to hold the speaker unit 101 in pos- 30 
ition and provide determined acoustic effects. On the 
other hand, the ear pad ring 107 is formed of a rela- 
tively soft material for providing good contact feel with 
the inner wall of the ear's concha and to permit inser- 
tion of the ring into ear conchae of different sizes. 35 

In order that the portion of the connection cord 
103 extracted through the extraction opening 106 
may be protected from accidents such as cord break- 
age caused by repeated cord flexure, a cylindrical 
cord bush 108 is provided on the housing 102 on a line 40 
of extension of the cord extraction opening 1 06. The 
cord bush 108 is formed of a relatively soft material, 
similarly to the ear pad ring 1 07, and provided with 
peripheral slots 1 09 to allow the bush 1 08 easily to be 
flexed. The portion of the connection cord 103 ex- 45 
tracted through the cord extraction opening 106 may 
be bent smoothly as it is encased within the cord bush 
108 when a stress is applied from outside to prevent 
accidents, such as breakage of the cord at the edge 
of the cord extraction opening 106. so 

In the operation of the above described head- 
phone unit, when the housing 102 is introduced into 
the ear's concha, the ear pad ring 1 07 is deformed un- 
der a pressure applied from the inner wall of the ear's 
concha. The ear pad ring 1 07 closes the ear's concha 55 
completely by abutting on the inner wall of the ear's 
concha by its own resiliency. With the ear's concha 
thus closed completely, the sound may be repro- 



duced by the speaker unit 101 with optimum electro- 
acoustic characteristics. 

It will be noted that, since the size of the ear's 
conchae will differ from one person to another it may 
occur that the above described headphone unit can- 
not be introduced into the ear's concha, or the ear's 
concha cannot be closed satisfactorily by the ear pad 
ring 107, with the result that optimum acoustic char- 
acteristics are not obtained. 

That is, with the outside diameter d| of the ear 
pad ring 1 07, the ear pad ring cannot be deformed to 
an outside diameter d 0 of the rib 102a. Therefore, 
when the ear's concha has an inside diameter less 
than the outside diameter d 0 of the rib 1 02a, the hous- 
ing 102 cannot be introduced into the ear's concha. 
On the other hand, when the ear's concha has an in- 
side diameter larger than the outside diameter d-i of 
the ear pad ring 107, a void or gap remains between 
the ear pad ring 107 and the inner wall of the ear's 
, concha, so that the ear's concha is not closed com- 
pletely. 

When the ear's concha is not closed completely 
in this manner, the output is lowered especially in the 
.lower frequency range of the acoustic characteristics 
with the result that optimum electro-acoustic charac- 
teristics cannot be realized. 

For maintaining the optimum acoustic character- 
istics as described above, it is necessary that the ear 
pad ring 107 be formed of a softer material and with 
an increased thickness so that it may be deformed ra- 
dially more easily and with a larger amount of defor- 
mation. However, when the housing 102 is mounted 
to or detached from the ear's concha, a stress is ap- 
plied to the ear pad ring 107 tending to displace the 
ear pad ring 107 away from the housing 102 in the di- 
rections shown by arrow F in Fig. 1 under the force of 
friction with the inner wall of the ear's concha. When 
the ear pad ring 1 07 is formed of a soft and pliable ma- 
terial, the ear pad ring is deformed easily under such 
stress. When the ear pad ring 107 is deformed under 
stress in this manner, both the aforementioned en- 
gaging and auxiliary securing means tend to be loos- 
ened so that the ear pad ring may be detached from 
the rib 102a. 

In short, when the material of the ear pad ring is 
formed of a softer material, the size range of the ear's 
conchae into which a given ear pad ring can be intro- 
duced is enhanced, while the contact feel of the ap- 
paratus with the ear's concha is improved. However, 
when the ear pad ring is formed of a softer material, 
the ear pad ring is more likely to be detached from the 
housing, so that durability of the earphone unit is not 
ensured. For this reason, the desired durability may 
only be ensured at the sacrifice to some extent of the 
aforementioned acoustic characteristics or contact 
feel. 

The same inconvenience as experienced with the 
ear pad ring arises with the cord bush 108, that is, 
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when the cord bush is formed of a softer material, the 
connection cord 103 may be protected more reliably, 
however, the cord is more likely to be detached from 
the housing 1 02. 

It has been proposed, in an electro-acoustic 
transducer in which the housing encloses the speaker 
unit, for the ear pad ring and the cord bush to be 
moulded integrally from the same material thus facil- 
itating the assembly operation and improving the dur- 
ability. However, in this electro-acoustic transducer, 
since the portion contacting the ear's concha and the 
housing holding the speaker unit are formed of the 
same material, a material suitable for both the con- 
tacting portion and the housing cannot be used, such 
that the contacting portion and the housing need be 
formed of a material having only moderate hardness. 

Patent Specification US-A-3 671 685 discloses 
an audio headset with earpieces each of which com- 
prises a projection of a rigid plastics material with a 
sound channel therethrough and a groove around the 
outer face to receive a projecting rib of a tip of soft 
elastic plastic in the form of a tube. A tip of suitable 
outside diameter is chosen to suit the size of the ear 
canal of the user in whose ear the tip is to be received. 

According to the invention there is provided an 
electro-acoustic transducer of the kind suitable for in- 
sertion in the ear comprising a housing enclosing an 
electro-acoustic transducer device, the housing be- 
ing formed of a synthetic resin and including an open- 
ing through which the diaphragm side of the electro- 
acoustic transducer device is exposed to the outside, 
and 

an ear pad formed as a ring provided at and 
permanently fixed to the outer surface of the perime- 
ter of the opening, the outer periphery of the ring be- 
ing softer and more pliable than the housing; 

characterised in that the housing has a main 
body which is formed with the ring by double-shot 
moulding; 

the ring extends to the rear of the transducer 
device and is integral with the compensating means, 
at the rear, in the form of an acoustic pipe comprising 
a frame having a through- hole therein to compensate 
the low frequency portion of the frequency response 
of the transducer; 

the ring is also formed integral with a cord bush 
holding a cord connected to the electro-acoustic 
transducer device; and 

the ring, the frame and the cord bush are all 
formed of a synthetic resin material having a lower 
rubber hardness than the rubber hardness of the ma- 
terial of the main body of the housing. 

In such an electro-acoustic transducer good use 
feel, positive protection of the connection cords and 
sufficient durability may be achieved. When used as 
a headphone unit, the ear pad ring and the cord bush 
will not be detached from the housing even after re- 
peated use of the transducer. 



Thus at least the outer surface portion of the 
housing around the opening by which the sound radi- 
ating side or sound input side of the electro-acoustic 
transducer unit is exposed to the outside is formed of 

5 a material other than the material of the remaining 
portion of the housing, so that these portions are 
formed to be different in colour and/or material, with 
the portions strongly bonded to each other. 

The invention is diagrammatically illustrated by 

10 way of example in the accompanying drawings, in 
which:- 

Fig. 1 is a sectional view showing the construc- 
tion of a headphone unit of previously proposed 
kind; 

15 Fig. 2 is a sectional view showing the construc- 

tion of a headphone unit according to the inven- 
tion; and 

Fig. 3 is a perspective view showing the head- 
phone unit of Figure 2; 
20 Referring to Figures 2 and 3, a headphone unit to 

be used in the ear's concha includes a housing 2 en- 
closing a speaker unit 1 forming an electro-acoustic 
device. 

The speaker unit 1 is provided with a magnetic 

25 circuit including a magnet and a yoke, a coil bobbin 
driven by the magnetic circuit, and a diaphragm at- 
tached to the coil bobbin. Electric signals supplied to 
the coil bobbin are converted into sounds by the vi- 
bration of the diaphragm in well-known manner. 

30 The housing 2 is of a size such that it can be in- 

troduced into the ear's concha, and is provided with 
an opening 2a so that a sound radiating side of the 
speaker unit 1 faces to the outside at the opening 2a. 
A connecting cord 3 to supply the electric signals to 

35 the speaker unit 1 has its terminal portion 4 connect- 
ed as by soldering to an input terminal 5 of the speak- 
er unit 1. The connecting cord 3 exits the housing 2 
by way of a cord extraction opening 6. 

The housing 2 includes a main body 7 covering 

40 the rear side of the speaker unit" 1, an ear pad 8 
formed around the opening 2a and a cord bush 9 pro- 
vided on a line of extension of the cord lead-out open- 
ing 6. 

Since it is necessary to hold the shape of the 
45 housing 2 in its entirety and to provide good acoustic 
effects, the main body 7 is formed of a relatively stiff 
material having a rubber hardness of the order of 90 
degrees, such as ABS resin. 

The ear pad 8 is formed on that portion of the 
50 perimeter of the opening 2a of the housing 2 that con- 
tacts with the inner wall of the ear's concha by what 
is called double-shot moulding. 

By "double-shot moulding" is meant a method of 
moulding including the steps of initially forming a por- 
55 tion of a first material using a first metal mould, plac- 
ing the portion of the first material in a predetermined 
position in a second metal mould and injecting and 
moulding a second material in the second metal 
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mould to form a moulded article composed of the first 
and the second materials rigidly connected and united 
to each other. When a two-colour injection moulding 
machine is employed, after the portion of the first ma- 
terial is moulded, the predetermined movable portion 5 
of the metal mould may be shifted and the second 
material injected and moulded to form a moulded ar- 
ticle formed of two kinds of materials. 

For providing a soft feel on contact of the ear pad 
8 with the inner wall of the ear's concha, and for mak- 10 
ing it possible to introduce the ear pad 8 into ear con- 
chae of different sizes, the ear pad 8 is formed of a 
relatively soft and pliable materia! having a rubber 
hardness of about 60 degrees, such as urethane, or 
an elastomeric material having a still lower rubber is 
hardness. The material of the ear pad 8 is of a differ- 
ent colour to the material of the main body 7. The inner 
side of the ear pad 8 is formed with a groove 8a for 
holding the speaker unit 1 . The speaker unit 1 is held 
in position with its peripheral portion received within 20 
the groove 8a. 

The cord bush 9 protects the portion of the con- 
necting cord 3 that exits by way of the cord extraction 
opening 6 from accidents such as breakage caused 
by repeated flexure, and is formed with a cylindrical 25 
shape on the line of extension of the cord extraction 
opening 6. The cord bush 9 is formed by the double- 
shot moulding from the same material as that of the 
ear pad 8. A plurality of annular grooves 1 0 are formed 
on the outer peripheral surface of the cord bush 9 to 30 
permit the cord bush 9 to be flexed particularly read- 
ily. The portion of the connecting cord 3 that exits 
through the cord extraction opening 6 is supported by 
the cord bush 9 so that it may be bent smoothly as it 
is sheathed in the cord bush 9 on application of an ex- 35 
ternal force to prevent incidental breakage which 
might otherwise be caused by flexure of the connect- 
ing cord in contact with the edge of the cord extraction 
opening 6. 

A through-hole 11 is formed at the portion of the 40 
main body 7 facing the rear surface of the speaker 
unit 1. The through-hole 11 is provided for improving 
acoustic effects. The perimeter of the through-hole 
11 is designed as a through-hole frame 12. By provid- 
ing the through-hole 11 on the rear side of the main 45 
body 7, optimum frequency response characteristics 
may be produced up to the low frequency range of the 
frequency response curve even for a small-sized 
speaker unit. The through-hole 11 and the frame 12 
thus make up an acoustic pipe which compensates for so 
decrease in response in the low frequency range of 
the frequency response curve. The frame 12 is pro- 
vided mainly for decoration purposes and is formed 
integral with and of the same material as the ear pad 
8 and the cord bush 9 by the double-shot moulding. 55 

The ear pad 8, the cord bush 9 and the frame 12 
are formed simultaneously from the same material 
and are connected with one another by runners 13. 



The runners 13 are formed to extend along the inner 
surface of the main body 7. 

Holding of the housing 2 in its entirety and opti- 
mum acoustic properties are ensured by the main 
body 7, while the soft feel of the portion of the unit 
contacting with the ear's concha is ensured by the ear 
pad 8 and the cord bush 9. The main body 7, the ear 
pad 8 and the cord bush 9 are formed by double-shot 
moulding of two different kinds of material that are 
firmly bonded together by virtue of double-shot 
moulding and are unlikely to be peeled off from each 
other after repeated or prolonged usages. 

Thus as described hereinabove, the outer sur- 
face of the opening of the housing by which at least 
the diaphragm of the electro-acoustic transducer is 
exposed to the outside, is formed of a material differ- 
ent from the material of the remaining portion. 

Hence, the portion of the housing that is formed 
by double-shot moulding is formed of materials differ- 
ent in colour and/or hardness and that are united 
strongly to each other. 

Therefore, when the so-called inner ear type 
headphone unit is constituted in accordance with the 
invention, the portion of the housing contacting with 
the inner wall of the ear's concha is preferably formed 
of a soft and pliable material to provide a soft contact 
feel with the ear's concha, while the main body of the 
housing is formed of a relatively stiff material to pro- 
vide optimum acoustic characteristics and reliable 
holding of the speaker unit. In addition, the two ma- 
terials different in hardness are form-lockingly con- 
nected rigidly to each other to ensure durability of the 
headphone unit 

The number of component parts can also be re- 
duced and the assembly operation can be simplified 
since the operation can be achieved by simply fitting 
the electro-acoustic transducer unit, such as the 
speaker unit, into the housing formed by double-shot 
moulding. 



Claims 

1. An electro-acoustic transducer of the kind suit- 
able for insertion in the ear comprising a housing 
(2) enclosing an electro-acoustic transducer de- 
vice (1), the housing (2) being formed of a syn- 
thetic resin and including an opening (2a) through 
which the diaphragm side of the electro-acoustic 
transducer device is exposed to the outside, and 

an ear pad formed as a ring (8) provided at 
and permanently fixed to the outer surface of the 
perimeter of the opening (2a), the outer periphery 
of the ring (8) being softer and more pliable than 
the housing (2); 

characterised in that the housing (2) has a 
main body (7) which is formed with the ring (8) by 
double-shot moulding; 
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the ring (8) extends to the rear of the trans- 
ducer device (1) and is integral with the compen- 
sating means, at the rear, in the form of an acous- 
tic pipe comprising a frame (12) having a through- 
hole (1 1 ) therein to compensate the low f requen- 5 
cy portion of the frequency response of the trans- 
ducer; 

the ring (8) is also formed integral with a 
cord bush (9) holding a cord (3) connected to the 
electro-acoustic transducer device (1); and 10 

the ring (8), the frame (12) and the cord 
bush (9) are all formed of a synthetic resin mate- 
rial having a lower rubber hardness than the rub- 
ber hardness of the material of the main body (7) 
of the housing (2). 15 

2, An electro-acoustic transducer according to 
claim 1, wherein the ring (8), the frame (12) and 
the cord bush (9) are formed of a material differ- 
ent in colour to the material of the main body (7) 20 
of the housing (2). 



Patentanspruche 

25 

1. Elektro-akustischer Wandler, der in das Ohr ein- 
setzbar ist, mit einem Gehause (2), das eine 
elektro-akustische Wandlervorrichtung (1) auf- 
weist, wobei das Gehause (2) aus einem Kunst- 
stoff gebildet ist und eine Offnung (2a), durch die 30 
die Membranseite der elektro-akustischen 
Wandlervorrichtung nach au&en frei ist, und 
ein Ohrpolster in Ringform (8) aufweist, das an 
der Au&enseite des Umfangsbereichs der Off- 
nung (2a) vorgesehen und mit dieser fest verbun- 35 
den ist, wobei der auftere Umfangsbereich des 
Rings (8) weicher und biegsamer als das GehSu- 
se (2) ist, 

dadurch gekennzeichnet, 

daft das Geh§use (2) einen Hauptkorper (7) auf- 40 
weist, der mit dem Ring (8) durch einen Doppel- 
spritzguB gebildet ist, 

der Ring (8) sich zu der Ruckseite der Wandler- 
vorrichtung (1) erstreckt und einstuckig mit einer 
Ausgleichseinrichtung an der Ruckseite in Form 45 
einer akustischen Ron re aus gebildet ist, die ei- 
nen Rahmen (12) mit einem Durchgangsloch (11) 
darin aufweist zum Ausgleich des niedrigen Fre- 
quenzanteils des Frequenzgangs des Wandlers, 
der Ring ebenso einstuckig mit einer Kabelhulse 50 
(9) gebildet ist, die ein Kabel (3) halt, das mit der 
elektro-akustischen Wandlervorrichtung (1) ver- 
bunden ist, und der Ring (8), der Rahmen (12) 
und die Kabelhulse (9) alle aus einem Kunststoff- 
materiai mit einer niedrigeren Gummiharte als die 55 
Gummiharte des Materials des Hauptkorpers (7) 
des Gehauses (2) gebildet sind. 



2. Elektroakustischer Wandler nach Anspruch 1 , 
dadurch gekennzeichnet, 
daB der Ring (8). der Rahmen (12) und die Kabel- 
hulse (9) aus einem Material mit unterschiedli- 
cher Farbe zu dem Material des Hauptkorpers (7) 
des Gehauses (2) gebildet sind. 



Revendications 

1. Transducteur electro-acoustique de la sorte ap- 
propriee pour introduction dahsToreille, compre- 
nant : un boTtier (2) renfermant un dispositif 
transducteur electro-acoustique (1), le boitier(2) 
etantfait d'une resine synthetique et incluant une 
ouverture (2a) par laquelle le cote diaphragme du 
dispositif transducteur electro-acoustique est ex- 
pose a I'exterieur ; et 

un tampon d'oreille (8) de forme annulaire 
dispose au droit de la surface exterieure de la pe- 
ripheric de I'ouverture (2a) et fixe de facon per- 
manente a celle-ci, la peripherie exterieure du 
tampon annulaire etant plus molle et plus souple 
que le boTtier (2) ; 

caracterise en ce que le boTtier (2) posse- 
de un corps principal (7) qui est forme avec le 
tampon annulaire (8) par mouiage en deux pha- 
ses ; 

en ce que le tampon annulaire (8) s'etend 
jusqu'a Tarriere du dispositif transducteur et est 
d'un seul tenant avec un moyen de compensa- 
tion, a farriere, sous la forme d'un tuyau acous- 
tique comprenant un cadre (12) ayant a I'interieur 
un trou traversant (11) pour compenser la partie 
basses frequences de ia reponse en frequence 
du transducteur ; 

en ce que le tampon annulaire (8) est ega- 
lement forme d'un seul tenant avec une traversee 
de cordon (9) contenant un cordon (3) raccorde 
au dispositif transducteur electro-acoustique 
(1);et 

en ce que le tampon annulaire (8), le cadre 
(12) et la traversee de cordon (9) sont tous for- 
mes d'une matiere a base de resine synthetique 
ayant une durete plus basse que la durete de la 
matiere du corps principal (7) du boTtier (2). 

2. Transducteur electro-acoustique selon la reven- 
dication 1, dans lequel le tampon annulaire (8), le 
cadre (12) et la traversee de cordon (9) sont for- 
mes d'une matiere d'une couleur differente de la 
matiere du corps principal (7) du boTtier (2). 
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